Abstract. Hepatocellular carcinoma (HCC) is one of the leading digestive malignancies, with a high metastasis and recurrence. The development and rapid progression of HCC involves numerous complex molecular and cellular events. Therefore, developing effective methods for the prevention and treatment of HCC requires an improved understanding of the biological development of HCC. In our previous analysis of the tissue microarray data, the BTB domain-containing 3 (BTBD3) gene was upregulated in HCC tissues, indicating that it may be a cancer-associated gene and serve a role in the occurrence and development of HCC. In the present study, reverse transcription-quantitative polymerase chain reaction and western blotting were performed to analyze the expression level of BTBD3 in four HCC cell lines; HepG2, Huh7, Bel7404 and Hep3B. The overexpression of BTBD3 in the four cell lines confirmed that BTBD3 was a cancer-associated gene. Subsequently, a short interfering RNA interference technique was performed to investigate the effect of BTBD3 expression on the proliferation and metastasis of Bel7407 cells. MTS assay and flow cytometry were used to evaluate the effect of BTBD3 on the proliferation and cell cycle, and a scratch test and Transwell assay were performed to determine the alterations to the migration and invasion of cancer cells. The results revealed that there was a minimal impact on cell proliferation following silencing of the BTBD3 gene. However, significant inhibition of cell invasion was demonstrated in the scratch test and the Transwell model. Based on these results, it was suggested that BTBD3 gene may be overexpressed in HCC tissues and cell lines, which promotes the invasion and metastasis of cancer cells without affecting cell proliferation.
Introduction
Liver cancer is one of the most commonly occurring malignant tumors; its global incidence and mortality rate are ranked 5th and 3rd among malignant tumors, respectively (1, 2) . The majority of cases of liver cancer are hepatocellular carcinoma (HCC) (3) . The global distribution of HCC is disproportional, with the highest incidence reported in Asia and Sub-Saharan Africa, particularly in China (3). Patients with HCC exhibit an overall 5-year survival rate of only 5% (4) . In total, ~70% of patients experience relapse within five years of undergoing surgery and >80% of recurrences are within the remaining liver tissue (5) . Patients with HCC often exhibit various outcomes, even when identical clinicopathological features are observed; this suggests that the development and rapid progression of HCC involves numerous complex molecular and cellular events (6) . Therefore, developing effective methods for the prevention and treatment of HCC requires an improved understanding of the biological development of HCC.
As demonstrated in our previous analysis of the tissue microarray data, the BTB domain-containing 3 (BTBD3) gene was upregulated in HCC tissues, indicating that it may be a cancer-associated gene and have a role in the occurrence and development of HCC. The present study aimed to further analyze the expression levels of BTBD3 in HCC cell lines and explore its role in the occurrence, development and metastasis of HCC. Bioinformatics analysis. The HCC tissue microarray data of GSE14215 and GSE29217 were downloaded from the Gene Expression Omnibus database of the National Centre for Biotechnology Information (https://www.ncbi.nlm.nih .gov/geo/). The genes with common various expressions were analyzed using Genespring version 11.0 software (Agilent Technologies, Inc., Santa Clara, CA, USA) and determined using meta-analysis.
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) analysis.
Total RNA from all the cell lines was isolated using miRNeasy Mini kit (Qiagen GmbH, Hilden, Germany) according to the manufacturer's instructions. The RT-qPCR amplification for the quantification of the BTBD3 and GAPDH mRNAs was performed using an ABI PRISM 7500 Sequence Detection System (Applied Biosystems; Thermo Fisher Scientific, Inc.) and a SYBR ® Premix Ex Taq™ (Tli RNaseH Plus) kit (Takara Bio, Inc., Otsu, Japan). The following primers were used: BTBD3 sense, 5'-TGG CAG ATG TAC ATT TTG TGG-3' and antisense, 5'-AAC ACA GAG CTC CCA ACA GC-3'; GAP DH sense, 5'-GGGAAACTGTGGCGTGATG-3' and antisense, 5'-GAG TGG GTG TCG CTG TTGA-3'. The RT reaction was performed at 42˚C for 30 min and then 70˚C for 15 sec. qPCR was performed using the cDNA as template under the following conditions: PCR initial activation at 95˚C for 15 min, followed by 40 cycles at 94˚C for 15 sec, 55˚C for 30 sec and 70˚C for 30 sec. The expression level of BTBD3 was normalized as relative expression to GAPDH. Relative expression was calculated as 2 -ΔΔCq (7). Each PCR reaction was performed in triplicate.
Western blot analysis. Total proteins were extracted from LO2 and HepG2, Huh7, Bel7404 and Hep3B cell lines. Equal amounts of protein (50 µg) were loaded for electrophoreses on 10% SDS-PAGE gels, transferred to polyvinylidene fluoride membrane and incubated overnight at 4˚C with the appropriate primary antibodies as follows: Monoclonal rabbit anti-human BTBD3 (dilution, 1:1,500; catalog no. ABIN1398849; Abcam, Cambridge, MA, USA) and GAPDH (dilution, 1:10,000; catalog no. G8140; US Biological, Swampscott, MA, USA). Following incubation with the horseradish peroxidase-conjugated bovine monoclonal anti-rabbit secondary antibody (dilution, 1:5,000; catalog no. COL18A1; Boster Biological Technology, Pleasanton, CA, USA) for 2 h at room temperature, the immumoreactive proteins were visualized using the enhanced chemiluminescence (GE Healthcare, Chicago, IL, USA) method. The amounts of proteins were quantified by scanning densitometry using Quantity One software (Bio-Rad Laboratories, Inc., Hercules, CA, USA) and normalized to the relative internal standards by GAPDH protein band density. Table I , two BTBD3 siRNAs, siRNA-79 and siRNA-81, and a negative control siRNA, siRNA-negative control (NC), were designed and synthesized by Sigma-Aldrich (Merck KGaA). Using Lipofectamine RNAiMAX (Invitrogen; Thermo Fisher Scientific, Inc.), siRNA-79, siRNA-81 and siRNA-NC were transfected into Bel7404 cells, according to the manufacturer's instructions. A total of 24-h after transfection, the interference efficiency of siRNA was determined by RT-qPCR assay.
Short interfering (si)RNA transfection. As presented in
MTS assay. Bel7407 cells were seeded into 96-well plates at a density of 1x10 4 cells/well and cultivated at 37˚C in 5% CO 2 for 24 h. Subsequently, Bel7407 cells were transfected at 37˚C for 6 h with BTBD3 siRNA-79 (25 nM) and siRNA-NC (25 nM) using Lipofectamine RNAiMAX (Invitrogen; Thermo Fisher Scientific, Inc.), respectively. MTS (1:10 dilution) was added to the cells every 24 h (0, 24, 48 and 72 h), which were then incubated for 4 h at 37˚C. The optical density of the culture medium at 490 nm was evaluated using an EnVision plate reader (PerkinElmer, Inc., Waltham, MA, USA). Triplicate wells were analyzed for each assay.
Flow cytometry. Bel7404 cells seeded at a density of 5x10
6 per well into 6-well plates were transfected with siRNA-79 (25 nM) or siRNA-NC (25 nM). A total of 48-h after transfection, cells were harvested, fixed with 70% ethanol and then resuspended in propidium iodide/RNase Staining Buffer (BD Biosciences, Franklin Lakes, NJ, USA). The DNA content of cells was analyzed using a MoFlo XDPCell Sorter (Beckman Coulter, Inc., Brea, CA, USA). The cell numbers in each phase of the cell cycle was determined using FlowJo software (FlowJo version 7.6.3, LLC, Ashland, OR, USA).
Wound healing assays. Bel7404 cells were grown to 90% confluence in the 6-well flat-bottomed plates. The monolayer cells were scratched with a sterile 200-µl pipette tip to create a denuded zone (gap) of 1 mm width. The remaining cells were washed twice with PBS to remove cell debris and incubated at 37˚C in DMEM/F12 (Gibco; Thermo Fisher Scientific, Inc.). The scratched areas were imaged at 0, 6, 24 and 48 h after wounding using a phase-contrast microscope (Leica Micro-systems GmbH, Wetzlar, Germany, magnification, x200). Cell motility was evaluated as percentages of cell coverage to the initial cell-free zone using ImageJ software (ImageJ version 2.1.4.7, National Institutes of Health, Bethesda, MA, USA). The cell mobility rate was evaluated as follows: 1-distance at various time points/distance at 0 h)x100% Three randomly selected wound areas were analyzed.
Transwell invasion assay. Following siRNA transfection, 1x10 4 Bel7404 cells resuspended in serum-free DMEM/F12 (Gibco; Thermo Fisher Scientific, Inc.) were seeded in the upper chambers, and 600 µl complete DMEM medium (Gibco; Thermo Fisher Scientific, Inc.) was added to the lower chambers. Following incubation at 37˚C for 18 h, the non-migrated cells on the upper layer were removed using cotton swabs and the penetrating cells in the lower layer were fixed in 4% paraformaldehyde for 15 min and stained with 0.1% crystal violet for 10-20 min at room temperature. The cells in five random microscopic fields were counted and imaged using a light microscope with a DP70CCD system (Olympus Corp., Tokyo, Japan). All experiments were performed in triplicate.
Statistical analysis. All statistical analyses were performed using SPSS (version 17.0; SPSS Inc., Chicago, IL, USA). Data are presented as the mean ± standard deviation from three independent experiments and statistical analyses were performed using Student's t-test. P<0.05 was considered to indicate a statistically significant difference.
Results
Analysis of the expression level of the BTBD3 in HCC tissues using microarray data. Gene microarray data of GSE14215 and GSE29217 were downloaded from NCBI and analyzed using Genespring software. Compared with normal tissues, the analysis results demonstrated that 227 and 281 genes were upregulated and downregulated, respectively, in the HCC tissues. Among the upregulated genes, BTBD3 ranked 60th, with 2.45-fold upregulation, indicating its potential role in the occurrence and development of HCC.
Expression levels of BTBD3 in HCC cell lines. The expression levels of BTBD3 in HCC HepG2, Huh7, Bel7407 and Hep3B cell lines and liver normal LO2 cell line were determined by real-time RT-qPCR and western blotting. The expression levels of BTBD3 mRNA in the HCC cell lines were significantly increased compared with LO2 cells. As presented in Fig. 1A , compared with LO2 cells, expression was upregulated 5.3, 1.8, 2.5 and 2.6-fold in HepG2, Huh7, Bel7404 and Hep3B cells, respectively. The results of the western blot analysis confirmed that the expression levels of BTBD3 protein in HCC cell lines was significantly increased compared with LO2 cells (Fig. 1B  and C) , which was consistent with the findings of RT-qPCR. Therefore, it was suggested that overexpression of BTBD3 gene was associated with the proliferation or/and metastasis of HCC.
Effect of BTBD3 siRNA interference on cell proliferation.
To determine the effects of BTBD3 expression on cell growth and migration, two BTBD3 siRNA sequences (siRNA-79 and siRNA-81) and a negative control siRNA-NC were designed, synthesized and transfected into Bel7407 cells. As demonstrated in by RT-qPCR, 24 h after siRNA transfection, significant interference, with 70% downregulation of the BTBD3 gene, was observed at 25 nM of siRNA-79 and siRNA-81, and therefore 25 nM siRNA-79 was selected for use in the following experiments ( Fig. 2A) .
The present study analyzed cell proliferation of Bel7407 cells upon silencing of BTBD3 by MTS assay (Fig. 2B) . Compared with at 0 h, a 136, 227 and 398% increase in cell growth was observed in the negative control group at 24, 48 and 72 h after transfection, respectively, whereas a 127, 192 and 320% increase was observed at 24, 48 and 72 h after transfection, respectively, in the BTBD3 siRNA-79 group. No significant difference was observed between the BTBD3 siRNA-79 group and the negative control (P>0.05), indicating a lack of association between the BTBD3 gene and cell proliferation.
Flow cytometry was performed to determine the change in cell cycle of Bel7407 cells at 48 h post-transfection (Fig. 2C) .
No significant difference in the percentage of cells in the G 0 /G 1 , G 2 and S stages of the cell cycle were observed between the BTBD3 siRNA-79 group and negative control, which further confirmed that BTBD3 did not promote cell proliferation.
Effect of BTBD3 siRNA interference on cell migration and invasion. In order to investigate of the role of BTBD3 gene in the metastasis of HCC, a cell scratch test and a Transwell assay were performed to determine the migration and invasion of Bel7407 cells following siRNA transfection. As demonstrated by the cell scratch test (Fig. 3A) , 6, 24 and 48 h after initiation, the relative widths of the scratches in the control group were 91, 76 and 63% of the original width, respectively. The relative widths in the siRNA-79 group were 93, 90 and 76%, respectively, which were significantly wider than those of the control group ( Fig. 3B; P=0 .0361). These results indicated that BTBD3 gene silencing resulted in a decreased capacity for cell migration in Bel7404 cells.
As demonstrated in the Transwell chamber assay, the migration of Bel7407 cells was significantly inhibited (Fig. 4A) following siRNA transfection. As presented in Fig. 4B , the number of invasive and metastatic cells in the siRNA-NC control group was 119.5±7.31, which was significantly higher (P=0.007) than the BTBD3 siRNA-79 group (71.33±11.27).
Discussion
HCC is extremely malignant and highly invasive, with a high incidence of both intra-hepatic and extra-hepatic metastases. Metastatic recurrence is the most important reason for the unsatisfactory prognosis following surgery (4) (5) (6) 8, 9 ). Owing to its high incidence, metastasis and mortality rates, HCC has attracted attention for the investigation of the mechanism underlying its occurrence and development. With the development of molecular biology techniques, including high-throughput detection technology (microarray) and detailed sequencing techniques, there has been great progress in the elucidation of the mechanisms underlying HCC (10) (11) (12) . Approximately 200 genes have been associated with the proliferation, metastasis and recurrence of HCC (11) .
BTBD3 is located at 20p12.2, with two splice variants coding for 482 and 385 amino acids, respectively. Within this gene, there is a BTB (broad-complex, tramtrack and bric-à-brac) structural domain (amino acids 113-219), a nuclear localization signal region (amino acids 55-70), and a structural domain containing BACK (amino acids 226-335) and PHR (amino acids 226-335) regions. At present, there have been limited studies investigating the function of the BTBD3 gene (13) (14) (15) (16) (17) (18) (19) (20) . A previous study by Zhang et al (13) , investigating the function of hsa-let-7i in colon cancer metastasis, is the only study to have suggested the BTBD3 gene may be the target of hsa-let-7i. The analysis of the microarray data of gene expression levels in HCC tissues in the present study revealed that the BTBD3 gene was upregulated by 2.45-fold in cancer tissues, which indicated the potential role of the BTBD3 gene in the occurrence and development of HCC. However, to the best of our knowledge, no previous studies have investigated the association between the BTBD3 gene and HCC.
In order to investigate the role of the BTBD3 gene in the occurrence and development of HCC, RT-qPCR and western blotting were performed to analyze the expression levels of BTBD3 in HCC cell lines. The overexpression of the BTBD3 gene in various HCC cell lines indicated that BTBD3 may be a cancer-associated gene. The expression level of BTBD3 was highest in HepG2 cells; however, it was not in Bel7404 cells, as previously demonstrated by a nude mouse transplantation tumor with the Bel7404 cell line (21) . To facilitate this study, the present study used Bel7404 cells for the in vitro experiments, including MTS and wound healing assays. Subsequently, the siRNA interference technique was used to investigate the effect of the BTBD3 gene on the proliferation and metastasis of Bel7407 cells. The results revealed there was a minimal impact on cell proliferation following silencing of the BTBD3 gene. However, significant inhibition of cell invasion (≤50%) was demonstrated in the wound healing assay and the Transwell model. Based on the aforementioned findings, it may be concluded that the BTBD3 gene was overexpressed in HCC tissues and cell lines, which promoted the invasion and metastasis of cancer cells without affecting cell proliferation.
As there are limited previous studies regarding the function of the BTBD3 gene, this is the first study to demonstrate the promoting effect of the BTBD3 gene on HCC cell invasion; however, further confirmation by performing in vivo experiments, and investigation into the underlying mechanisms of BTBD3 in HCC cell migration and invasion, are required.
